INTRODUCTION
The Department of Energy identified the Caustic Side Solvent Extraction (CSSX) process as the preferred technology for removing cesium from radioactive waste solutions at the Savannah River Site (SRS).
1,2 As a result, the Washington Savannah River Company (WSRC) designed and built the MCU facility in the SRS Tank Farm to process liquid waste for an interim period until the Salt Waste Processing Facility (SWPF) begins operations.
SRS personnel have completed construction and assembly of the MCU facility. Following assembly, they conducted testing to evaluate the ability of the process to remove non-radioactive cesium and to separate the aqueous and organic phases. These tests are referred to as the Mass Transfer Tests.
They conducted the tests as follows. A vendor (Blue Line Chemical) prepared simulated SRS salt solution. MCU personnel added non radioactive cesium to the salt solution to achieve a cesium concentration of 14.9 mg/L (equivalent to 1.1 Ci/gal 137 Cs). They processed the salt solution through the MCU process at flow rates of 3.5, 6.0, and 8.5 gpm (referred to as Tests A, B, and C, respectively). During the testing, they collected samples from the inlet and outlet of selected contactors to measure cesium removal from the salt solution, cesium transfer from the solvent to the strip acid, and organic solvent carryover into the Decontaminated Salt Solution (DSS) and Strip Effluent (SE). They collected samples from the Decontaminated Salt Solution Hold Tank (DSSHT) and the Strip Effluent Hold Tank (SEHT) to measure the effectiveness of the coalescers in recovering solvent from the aqueous streams. Following the Mass Transfer Tests, they performed a Solvent Cleanup Test which they fed Decontaminated Salt Solution through the contactors to remove cesium from the solvent. Following that test, they stopped and restarted the MCU process -designated as the System Shutdown/Restart Test -to determine its ability to rapidly reestablish process efficiency after shutdown and restart.
During the Mass Transfer Tests, the MCU facility collected samples from the Salt Solution Receipt Tank 1 (SSRT#1), the Salt Solution Feed Tank (SSFT), Extraction Contactor #1 aqueous inlet, Extraction Contactor #7 solvent inlet, Extraction Contactor #7 aqueous outlet, Strip Contactor #7 aqueous outlet, the DSSHT, the SEHT, the Solvent Hold Tank (SHT), and the Contactor Drain Tank (CDT). They submitted the samples to SRNL for analysis of cesium, Isopar ® L, and Modifier. In addition to the samples listed above, the authors prepared and submitted a set of controls with selected batches of samples being analyzed.
This document describes the analyses.
ANALYSES
The Analytical Development (AD) group of SRNL performed the 133 Cs analysis by ICP-MS. The aqueous samples (Decontaminated Salt Solution and Strip Effluent) were submitted directly to the ICP-MS. The solvent samples were digested using a Parr Bomb Digestion prior to analysis by ICP-MS. The AD group analyzed DSS and SE samples for Isopar ® L and Modifier by gas chromatography-flame ionization detection (GC-FID) and gas chromatography-mass spectrometry (GC-MS).
The ICP-MS used for the analyses is a Thermo-Elemental Plasma Quad II. This instrument provides multi-element analyses of aqueous solutions, and the analytical results can be expressed as either elemental or isotopic concentrations. The instrument aerosolizes the sample and transports the aerosol to the argon plasma. In the high temperature plasma (~10,000 K) metallic species are ionized. The ions generated by the plasma enter the mass spectrometer through a sampling cone set near the end of the plasma. The ions are separated by a quadrapole mass filter and focused on a detector. The detector provides either an ion count or an analog signal. The signal from the detector is amplified, measured, and stored in a multi-channel analyzer, and these measurements are used to calibrate the instrument and determine the concentrations of the elements of concern.
AD personnel performed the solvent sample digestions as follows. Approximately 0.1-0.2 g of the well-mixed sample was transferred to the Teflon TM cup of a Parr Bomb dissolution container.
A 3 mL aliquot of high-purity concentrated nitric acid was added and the dissolution container sealed. Typically eight containers were heated simultaneously in an oven pre-heated to 175 °C. Heating was continued for at least three hours after the oven temperature re-equilibrated to 175 °C. After cooling to room temperature, the containers were opened and the nitric acid solutions were diluted to 10 mL with de-ionized water. No immiscible organic fraction or solution cloudiness was evident after this treatment, indicating that the oxidation of the organic fraction in the samples was complete.
Personnel performed the GC-FID and GC-MS analyses as follows. They weighed the sample bottle. They either added hexane to the sample bottle (1/4 of sample volume) or transferred the sample to a larger bottle and rinsed the sample bottle with the hexane. They recorded the weight of the bottle, sample, and hexane. They removed the top layer of liquid and placed it in a vial with a Teflon TM cap. They recorded the empty bottle weight. They dried the hexane with sodium sulfate, collected aliquots, and analyzed them.
GC-MS analysis or GC-FID analysis was employed to identify organic compounds in the samples. Analytical separations were carried out on a Hewlett Packard 6890 gas chromatograph, equipped with a 30 m DB-XLB column, with 0.18 mm diameter and 0.20 µ film thickness for GC-MS. The GC-FID uses a 30 m DB-5ms column, with 0.2 mm diameter and 0.33 µ film thickness. Quantitation was performed using a Hewlett Packard 5973 mass selective detector. The mass spectrometer tuning was confirmed within 24 hours prior to each measurement using perfluorotributylamine.
The authors prepared controls for each set of samples analyzed. They prepared the controls by adding solvent and/or Isopar ® L to simulated SRS supernate solution and 0.001 M nitric acid. They prepared some of the controls gravimetrically by adding a known mass of solvent and/or Isopar ® L to a known mass of supernate solution or acid. They prepared other controls by serial dilution. They dissolved a known volume of solvent and/or Isopar ® L in hexane, and added a known volume of hexane to a known volume of supernate or nitric acid. Table 1 shows the analysis of the feed solution along with the control submitted. The feed cesium concentration measured 15.8 mg/L in both samples versus a target of 15 mg/L. The 15 mg/L control sample measured 14.6 mg/L (3% difference), well within the standard analytical uncertainty of ±10%. The analytical uncertainty on all measured values is ±10%, unless otherwise stated. Tables 5 and 6 show the cesium concentration in the samples collected during the Solvent Cleanup Test. The purpose of this test was to assess the removal of cesium from the solvent by contacting it with decontaminated salt solution. Table 5 shows the cesium in the DSS samples. The cesium concentration decreased with time during this test, and all samples contained less than 0.2 mg/L cesium. 0.043 Table 6 shows the cesium concentration in the SHT. The cesium concentration measured less than 0. 0.293 Table 7 shows the cesium concentration in the DSS, SE, and SHT 30 minutes after starting the System Shutdown/Restart Test. In this test, the MCU system was shut down and restarted. The DF was 268, and the CF was 11. Table 8 shows the cesium concentration in the inlet to Extraction Contactor #1 for each test (MCU-CS-x-EC-A-I, x = A, B, or C). The concentration is slightly higher than in the SSRT#1 and the SSFT (15.8 mg/L). Table 9 shows the target and measured cesium in the control samples prepared. The samples showed good agreement between the target and measured values. The difference between the target concentration and the measured concentration was 2 -27%, and in 5 of the 7 samples, the difference was less than 10%. 
RESULTS

Cesium Removal
MCU-ISO-C-DT-A-1 C < 2 14.2 MCU-ISO-C-DT-A-3 C 4.9 7.3 MCU-ISO-C-DT-A-5 C 7.7 9.5 Table 14 shows the measured Isopar ® L concentration in aqueous samples collected from the strip effluent hold tank (SEHT). In all samples, the Isopar ® L concentration is less than 10 mg/L.
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The modifier concentration in SEHT was 18 -29 mg/L. The modifier concentration is higher than the Isopar ® L concentration due to the Modifier's solubility in dilute nitric acid. The average Modifier concentration in the SEHT was 23.6 mg/L. Prior studies at Oak Ridge National Laboratory suggest a solubility of approximately 25 mg/L for Modifier in 1 mM nitric acid (i.e., strip acid). Subtracting the average soluble concentration (23.6 mg/L) for the Modifier from the measured Modifier in the Strip Effluent Contactor outlet samples, we calculate an insoluble Modifier concentration (see Table 13 ). Using the insoluble Modifier concentration, we calculate a modified Isopar ® L to Modifier ratio, which varies between 1.72 and 2.49 with an average of 2. At concentrations less than 80 mg/L, the difference is as much as 100%. In most of the samples, the measured concentration is less than the prepared concentration. The larger differences with the lower concentration controls could be a sign of incomplete recovery, as the little bit remaining in the sample bottles is a larger fraction of the total amount. The differences between prepared and measured Isopar ® L appear larger when the controls were prepared by serial dilution. However, this difference is largest at low Isopar ® L concentrations and is most likely due to the low Isopar ® L concentration rather than the serial dilution preparation method. At Modifier concentrations greater than 150 mg/L, the difference is less than 25%. At Modifier concentrations between 30 and 100 mg/L, the difference is less than 30%. At concentrations less than 30 mg/L, the difference is as much as 60%. In most of the samples, the measured concentration is less than the prepared concentration. The larger differences with the lower concentration controls could be a sign of incomplete recovery, as the little bit remaining in the sample bottles is a larger fraction of the total amount. . In most of the samples prepared by serial dilution, the ratio is greater than 2.32. In most of the samples prepared gravimetrically, the ratio is less than 2.32.
CONCLUSIONS
The conclusions from the cesium analyses follow.
• The cesium in the feed samples measured 15.8 (±10%) mg/L, in agreement with expectations.
• The decontamination factor measured 90 -1580 for Mass Transfer Test A (conducted at 3.5 gpm salt solution flow rate), 106 -252 for Mass Transfer Test B (conducted at 6.0 gpm salt solution flow rate), and 138 -878 for Mass Transfer Test C (conducted at 8.5 gpm salt solution flow rate).
• The concentration factor measured 11.0 -11.1 for Mass Transfer Test A (3.5 gpm salt solution flow rate), 12.8 -13.2 for Mass Transfer Test B (6.0 gpm salt solution flow rate), and 12.0 -13.2 for Mass Transfer Test C (8.5 gpm salt solution flow rate).
• The organic carryover from the final extraction contactor (#7) varied between 22 and 710 mg/L Isopar ® L. The organic carryover was less in Test A (3.5 gpm salt solution flow rate) than in Tests B and C (6.0 and 8.5 gpm salt solution flow rate, respectively).
• The organic carryover from the final strip contactor (#7) varied between 80 and 180 mg/L Isopar ® L • The organic carryover in the Decontaminated Salt Solution Hold Tank and the Strip Effluent Hold Tank was less than 10 mg/L Isopar ® L, indicating good recovery of the solvent by the coalescers and decanters.
• The measured concentrations in the control samples agreed with the prepared concentrations. 
